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DETAILED ACTION 

Claim Objections 

1 . Claim 53 is objected to because of the following informalities: Claim 53 

cannot depend upon itself. Appropriate correction is required. 

2. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 33, 34, 36-44, 46-50 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Emerson et al. (U.S. PGPub 2003/0006418; hereinafter 
"Emerson") as evidenced by Mcintosh et al. (U.S. 5,684,309; hereinafter "Mcintosh") 
and Biwa etal. (U.S. PGPub 2002/0175341 ; hereinafter "Biwa"). 

Re claim 33: Emerson teaches (e.g. figure 1) a light emitting diode (LED), 
comprising: a first gallium nitride layer (14); an ln x Gai- x N/ln y Gai-yN multi-layer (16) 
formed over the first gallium nitride layer (14); an active layer (18) formed over the 
ln x Gai-xN/ln y Gai-yN multi-layer (16); and a second gallium nitride layer (32) formed over 
the active layer (18); wherein the ln x Gai- x N/ln y Gai- y N multi- layer (16) has a plurality of 
pits formed thereon. 

In the remarks, it is clarified by the Applicant that the steps required for pit 
formation is by the growth of the multi-layer at different temperatures for each layer 
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comprising the multi-layer and the removal of H 2 during the growth process (page 3, 
lines 9-10) as well as the discussion pointed out by Applicant in paragraph [0043] which 
states InGaN/lnGaN multilayer has a plurality of hexagonal pits formed thereon due to 
dislocations and defects resulting from the doped N-type GaN layer and defects 
resulting from the super lattice structure. 

It is taught by Emerson at paragraph [0049] that the indium content in each of the 
layers comprising the superlattice structure 16 are not equal. Additionally, at 
paragraph [0051] that the superlattice structure 16 is grown on N-type GaN layer 14 in 
an atmosphere of nitrogen. Emerson does not explicitly specify that each layer is grown 
at a different temperature. 

Biwa discusses the dependence that Indium content of InGaN has on 
temperature having he relationship of T=(1080-4.27X), where X denotes In content(%) 
discussed in paragraph [0015]. For example, 10-20% In content would have a growth 
temperature of 700-800°C whereas GaN is higher than 1000°C. Therefore, different 
growth temperatures result in differing In content in InGaN materials. 

Therefore, the superlattice structure 16 of Emerson having alternating layers of 
ln x Gai- x N and ln y Gai- y N where X ^ Y, would require each layer to be grown at a 
different temperature. 

Re claim 34: Emerson teaches the LED wherein the active layer (18) comprises 
an InGaN/lnGaN structure of a multi-quantum well structure (18, multi quantum well 
structure; e.g. paragraph 52). 



Application/Control Number: 10/564,486 Page 4 

Art Unit: 2811 

Re claim 36: Emerson teaches the device wherein the number of the pits is 50 or 
less per area of 5um X 5um. The formed pits are a result of the composition of the 
structure as disclosed in claim 33, therefore, since the structure recited in the prior art is 
substantially identical to that of the claim, claimed properties are presumed to be 
present. See MPEP 21 12.01 (i). 

Re claim 37: Emerson teaches the LED wherein the ln x Gai- x N/ln y Gai-yN multi- 
layer is formed to have a super lattice structure (superlattice structure 16). 

Re claim 38: Emerson teaches the LED wherein each layer of the ln x Gai- 
x N/ln y Gai- y N multi-layer has a thickness of 1-3000A (superlattice 16 have layers of 
about 5-40 angstrom; e.g. paragraph 49). 

Re claim 39: Emerson teaches the device wherein the ln x Gai-xN/ln y Gai-yN multi- 
layer has a photoluminescence characteristic of a yellow band intensity/N-doped GaN 
intensity ratio of 0.4 or below. Since the structure recited in the prior art is substantially 
identical to that of the claim, claimed properties are presumed to be present. See 
MPEP 211 2.01 (i). 

Re claim 40: Emerson teaches the active layer (18) being directly formed on the 
ln x Gai- x N/ln y Gai-yN multi-layer (16). 

Re claim 41: Emerson teaches the LED wherein the LED is blue LED (visible 
spectrum; e.g. paragraph 3). 

Re claim 42: Emerson teaches (e.g. figure 1) a method for manufacturing a light 
emitting device, the method comprising the steps of: forming an N-type gallium nitride 
layer (14); forming an ln x Gai- x N/ln y Gai- y N multi-layer (16) above the N-type gallium 



Application/Control Number: 10/564,486 Page 5 

Art Unit: 2811 

nitride layer (14), the ln x Gai-xN/ln y Gai-yN multi-layer (16) including layers of first and 
second growth temperatures (superlattice structure 16 having alternating layers of 
ln x Gai- x N and ln y Gai- y N where X t Y, would require each layer to be grown at a 
different temperature, reasons for different temperatures discussed below; e.g. 
paragraph 49); forming an active layer (18) above the ln x Gai- x N/ln y Gai-yN multi-layer 
(16); and forming a P-type gallium nitride layer (32) above the active layer (18), wherein 
the active layer (18) is grown at a temperature lower than the first and second 
temperatures (superlattice structure 16 exceeds the bandgap of the quantum well layers 
120, reasons for active layer growth temperature being below first and second 
temperatures will be discussed below; e.g. paragraph 61); and wherein the ln x Gai. 
x N/ln y Gai- y N multi-layer (16) has a plurality of pits formed thereon (as discussed above 
for claim 33, pits are present since the layers are grown on N-type GaN layer 14 at 
different temperatures in an atmosphere of nitrogen). 

Mcintosh at figure 1 0 shows that bandgap is greatest at GaN and the least when 
there is a highest Indium concentration in InGaN. Therefore, the higher the In content in 
InGaN, the lower the bandgap. 

Biwa discusses the dependence that Indium content of InGaN has on 
temperature having he relationship of T=(1 080-4. 27X), where X denotes In content(%) 
discussed in paragraph [0015]. For example, 10-20% In content would have a growth 
temperature of 700-800°C whereas GaN is higher than 1000°C. Therefore, the lower 
the growth temperatures the higher In content present in InGaN materials. 
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As Emerson states at paragraph [0061], the quantum well layer 120 of the MQW 
structure 18 has a lower bandgap than that of the superlattice structure 16. A lower 
bandgap InGaN material has higher Indium content, therefore, by the evidence of Biwa, 
quantum well layer 120 was grown at a lower temperature that would result in the higher 
Indium content of layer 120. 

Re claim 43: Emerson teaches the method wherein the active layer is grown at 
600-800 °C (temperature is dropped 200°C below 700-900°C; e.g. paragraph 59). 

Re claim 44: Emerson teaches the method wherein the active layer comprises 
an InGaN/lnGaN structure of a multi-quantum well structure (125, InGaN quantum well 
and barrier layers; e.g. paragraph 57). 

Re claim 46: Emerson teaches the device wherein the number of the pits is 50 or 
less per area of 5um X 5um. The formed pits are a result of the method of making 
structure as disclosed in claim 42, therefore, since the structure recited in the prior art is 
formed substantially identical to that of the claim, claimed properties are presumed to be 
inherent. See MPEP 21 12.01 (i). 

Re claim 47: Emerson teaches the method wherein the ln x Gai- x N/ln y Gai- y N 
multi-layer is formed to have a super lattice structure (superlattice structure 16). 

Re claim 48: Emerson teaches the method wherein each layer of the ln x Gai- 
x N/ln y Gai- y N multi-layer has a thickness of 1-3000A (superlattice 16 have layers of 
about 5-40 angstrom; e.g. paragraph 49). 

Re claim 49: Emerson teaches the device wherein the ln x Gai-xN/ln y Gai-yN multi- 
layer has a photoluminescence characteristic of a yellow band intensity/N-doped GaN 
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intensity ratio of 0.4 or below. Since the structure recited in the prior art is substantially 
identical to that of the claim, claimed properties are presumed to be inherent. See 
MPEP 211 2.01 (i). 

Re claim 50: Emerson teaches the active layer (18) being directly formed on the 
ln x Gai-xN/ln y Gai-yN multi-layer (16). 

5. Claims 51 -54 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Fukuda et al. (WO03005459; the disclosure evidenced by U.S. PGPub 
2004/0155248; hereinafter "Fukuda") as evidenced by Tsujimura et al. (U.S. 
6,614,059; hereinafter "Tsujimura") and Uchida et al. (non-patent literature titled 
"Photoluminescence characteristics and pit formation of InGaN/GaN quantum-well 
structures frown on sapphire substrates by low-pressure metalorganic vapor phase 
epitaxy"; hereinafter "Uchida"). 

Re claim 51 : Fukuda teaches (e.g. figure 1 ) a light emitting diode (LED), 
comprising: a substrate (1); a buffer layer (2) on the substrate (1); an undoped GaN 
layer (5) on the buffer layer (2); an N-type GaN (6) layer directly formed on the undoped 
GaN layer (5); an ln x Gai- x N/ln y Gai-yN multi-layer (7, 8) directly formed on the N-type 
GaN layer (6); an active layer (9) directly formed on the ln x Gai- x N/ln y Gai-yN multi-layer 
(7, 8); and a P-type GaN layer (11) formed on the active layer (9), wherein the ln x Gai- 
x N/ln y Gai- y N multi-layer has a plurality of pits formed thereon. 

As discussed in paragraphs [0039] and [0043] which discusses a method of 
making an InGaN/lnGaN multilayer and the InGaN/lnGaN multilayer having a plurality of 
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hexagonal pits formed thereon due to dislocations and defects resulting from the doped 
N-type GaN layer and defects resulting from the super lattice structure. 

Tsujimura at column 1 , lines 40-45 and Uchida at page 246, column 2, lines 2-7 
discusses the known formation of pits in InGaN/GaN multilayers. Since Fukuda 
discloses the general structure as claimed, during formation of the multilayer, a plurality 
of pits would have been formed. 

Re claim 52: Fukuda teaches the LED, further comprising: a GaN layer (3) 
between the buffer layer (2) and the undoped GaN layer (5). 

Re claim 53: Fukuda teaches the LED, wherein the undoped GaN layer (5) is 
directly formed on the GaN layer (3). 

Re claim 54: Fukuda teaches the LED, wherein the active layer (9) comprises: 
an InGaN/lnGaN structure (GaN/lnGaN MQW; e.g. paragraph 32) of a multi-quantum 
well structure. 

Claim 51 is rejected under 35 U.S.C. 103(a) as being unpatentable over Biwa in 
view of Emerson. 

Re claim 51: Biwa teaches (e.g. figure 8B) a light emitting diode (LED), 
comprising: a substrate (40); a buffer layer (GaN buffer layer; e.g. paragraph 64) on the 
substrate (40); an undoped GaN layer (41) on the buffer layer (GaN); an N-type GaN 
(42) layer directly formed on the undoped GaN layer (41); an active layer (43); and a P- 
type GaN layer (44) formed on the active layer (43). 
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Biwa is silent as to an ln x Gai-xN/ln y Gai-yN multi-layer directly formed on the N- 
type GaN layer; an active layer directly formed on the ln x Gai- x N/ln y Gai-yN multi-layer, 
wherein the ln x Gai-xN/ln y Gai-yN multi-layer has a plurality of pits formed thereon. 

Emerson teaches an ln x Gai- x N/ln y Gai-yN multi-layer (16; e.g. paragraph 49) 
directly formed on the N-type GaN layer (14); an active layer (18) directly formed on the 
ln x Gai- x N/ln y Gai- y N multi-layer (16), wherein the ln x Gai- x N/ln y Gai- y N multi-layer (16) has 
a plurality of pits formed thereon. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to use the teachings of Emerson in the device of Biwa in order to provide a 
better surface on which the active layer can be formed (see paragraph 50 of Emerson). 

The combined structure of Biwa modified by Emerson teaches each and every 
limitation of the claim except explicitly stating the plurality of pits formed within the 
ln x Gai- x N/ln y Gai- y N multi-layer. Applicant in paragraph [0043] which states 
InGaN/lnGaN multilayer has a plurality of hexagonal pits formed thereon due to 
dislocations and defects resulting from the doped N-type GaN layer and defects 
resulting from the super lattice structure. Evidence that the multilayer (16) grown on the 
N-type GaN layer (14) of Emerson would have pits formed within the InGaN/lnGaN 
multilayer is provided by Tsujimura at column 1, lines 40-45 and Uchida at page 246, 
column 2, lines 2-7 where it is discussed the known formation of pits in InGaN/GaN 
multilayers. 
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Response to Arguments 

6. Applicant's arguments, see page 3, filed 1/7/2009, with respect to the 
rejection(s) of claim(s) 33, 34, 36-44, and 46-50 under 102(b) have been fully 
considered and are not persuasive. 

7. In the response dated 7 Jan. 2009 on page 3, line 9, Applicant states "To 
form the pits in Applicant's claimed invention, the ln x Gai- x N/ln y Gai-yN multi-layer is 
grown with H 2 being removed at first and second growth temperatures." 

8. In the response dated 20 July 2009 on page 7, line 7, Applicant reiterates 
what is required to make the pits, however, additionally annotating paragraphs 39 
and 43 of the specification. 

9. In response, it appears that what is discussed at paragraph 43 is the more 
appropriate and controlling means for forming the hexagonal pits, "a plurality of 
hexagonal pits formed thereon due to dislocation and defects resulting from the 
doped N-type GaN layer". This position is made since forming superlattice 
structures are well-known in the art and hexagonal pits being formed in multi-layers 
grown in conditions not requiring removal of H 2 gas are known (Uchida and 
Tsujimura discussed below). 

10. Applicant argues in the response dated 20 July 2009 on page 7, second and 
third paragraphs, that neither Emerson, Mcintosh nor Biwa describes growing the 
layers of the ln x Gai-xN/ln y Gai-yN multi-layer with H 2 gas removed and therefore 
cannot teach pits or pits formation. 
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1 1 . The Examiner disagrees and takes the position in view of the paragraph 43 of 
Applicant's specification that states "a plurality of hexagonal pits formed thereon due 
to dislocation and defects resulting from the doped N-type GaN layer", the fact of 
forming superlattice structures are well-known in the art, and hexagonal pits being 
formed in multi-layers grown in conditions not requiring removal of H 2 gas are 
known, the multi-layer of Emerson would have said pits in multi-layer 16. Further, 
the non-patent literature to Uchida et al. and U.S. 6,614,059 to Tsujimura further 
show that pits are present when forming InGaN/GaN multi-layers, showing evidence 
that the multi-layer of Emerson would have pits, although not explicitly illustrated. 
The rejection of claims 33, 34, 36-44, 46-50 is maintained. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to JESSE Y. MIYOSHI whose telephone number is 
(571)270-1629. The examiner can normally be reached on M-F 7:30 AM -5:00 PM 
EST. Alternating Fridays off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne A. Gurley can be reached on (571) 272-1670. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Lynne A. Gurley/ 

Supervisory Patent Examiner, Art 

Unit 2811 

/Jesse Miyoshi/ 



